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©  Ultrasonic  probe  having  a  backing  member. 
An  ultrasonic  probe  for  use  in  ultrasonic  imaging  systems 

includes  an  array  (1)  of  piezoelectrictransducer elements.  The 
transducer  array  is  backed  by  a  rear  member  (4)  of  an  energy 
absorbing  material  having  a  Shore-A  hardness  greater  than 
85,  an  ultrasonic  absorption  coefficient  greater  than  1.5 
dB/mm at the frequency  of energy  generated  by the  array  and 
an  acoustic  impedance  in  the  range  between  1.0  x  105 
g/cm2.sec  and  3.0  x  105  g/cm2.sec.  Preferably,  a  thermoset- 
ting  resin  layer  (10)  is  provided  between  the  array  and  the 
backing  to  ensure  against  disconnection  of  wire  leads  from 
transducer  electrodes. 



T h i s   i n v e n t i o n   r e l a t e s   to   u l t r a s o n i c   t r a n s d u c e r s ,  

and  more   p a r t i c u l a r l y   to   an  u l t r a s o n i c   p r o b e   h a v i n g   a  

b a c k i n g   member  f o r   u se   in   u l t r a s o n i c   i m a g i n g   s y s t e m s .  

C o n v e n t i o n a l   u l t r a s o n i c   p r o b e   g e n e r a l l y   c o m p r i s e s   a  

l i n e a r   a r r a y   of  p i e z o e l e c t r i c   t r a n s d u c e r   e l e m e n t s   f o r  

t r a n s m i s s i o n   of  an  u l t r a s o n i c   wave  i n t o   a  body  u n d e r  

e x a m i n a t i o n   in  r e s p o n s e   to   e l e c t r i c a l   s i g n a l s   f rom  a  

c o n t r o l   c i r c u i t   and  r e c e p t i o n   of  e cho   waves   r e t u r n i n g   f r o m  

s t r u c t u r a l   d i s c o n t i n u i t i e s   w i t h i n   t h e   b o d y .   I f   r e q u i r e d ,  

an  a c o u s t i c   l e n s   i s   p r o v i d e d   a t   t h e   e n e r g y   e n t r y   s u r f a c e   o f  

t h e   t r a n s d u c e r .   A  b a c k i n g   member   i s   s e c u r e d   to  t h e   r e a r   o f  

t h e   t r a n s d u c e r   a r r a y   to   a b s o r b   u n d e s i r e d   u l t r a s o n i c   e n e r g y  

e m i t t e d   b a c k w a r d .   I t   i s   r e q u i r e d   t h a t   t h e   b a c k i n g   m e m b e r  

be  c o m p o s e d   of  a  m a t e r i a l   h a v i n g   a  s u f f i c i e n t   a m o u n t   o f  

h a r d n e s s   to   g i v e   s t r u c t u r a l   i n t e g r i t y   to  t h e   t r a n s d u c e r  

a r r a y   and  a  h i g h   d e g r e e   of  p r e c i s i o n ,   c o n s i s t e n t   p h y s i c a l  

p r o p e r t i e s ,   a  l a r g e   v a l u e   of  a c o u s t i c   e n e r g y   a b s o r p t i o n  

c o e f f i c i e n t   to  keep   t h e   p r o b e   c o m p a c t   and  l i g h t w e i g h t ,   a n d  

a  d e s i r e d   a c o u s t i c   i m p e d a n c e   t o   e n s u r e   a g a i n s t   r e d u c t i o n   i n  

s e n s i t i v i t y   of  t h e   u l t r a s o n i c   t r a n s d u c e r s .  

A  known  b a c k i n g   member   i s   c o m p o s e d   of  a  m i x t u r e   o f  

t u n g s t e n   p a r t i c l e s   and  f e r r i t e   r u b b e r   or  p l a s t i c   h a v i n g   a  



S h o r e - A   h a r d n e s s   g r e a t e r   t h a n   85,   and  an  a c o u s t i c   i m p e d a n c e  

of  g r e a t e r   t h a n   6  x  1 0 5 g / c m 2 . s e c .   A l t h o u g h   s a t i s f a c t o r y   i n  

m e c h a n i c a l   s t r e n g t h ,   t h i s   b a c k i n g   member  i s   n o t  

s a t i s f a c t o r y   in  t h e   p e r f o r m a n c e   of  e n e r g y   a b s o r p t i o n   due  t o  

t h e   s m a l l   d i f f e r e n c e   in   a c o u s t i c   i m p e d a n c e   b e t w e e n   i t   a n d  

t h e   p i e z o e l e c t r i c   e l e m e n t s .  

A n o t h e r   known  b a c k i n g   member   i s   c o m p o s e d   of  a  

m i x t u r e   of  s i l i c o n e   r u b b e r   and  a l u m i n a   o x i d e   h a v i n g   a n  

a c o u s t i c   i m p e d a n c e   g r e a t e r   t h a n   1 . 5   x  105  g / c m 2 ' s e c   a n d  

u l t r a s o n i c   a b s o r p t i o n   c o e f f i c i e n t   g r e a t e r   t h a n   a b o u t   1 . 5  

dB/mm  a t   3  MHz.  A l t h o u g h   s a t i s f a c t o r y   in   a b s o r p t i o n  

p e r f o r m a n c e ,   t h i s   m a t e r i a l   i s   n o t   s a t i s f a c t o r y   i n  

m e c h a n i c a l   s t r e n g t h .  

T h e r e f o r e   n o n e   of   t h e   c o n v e n t i o n a l   b a c k i n g   m e m b e r s  

s a t i s f i e s   b o t h   t h e   s t r e n g t h   and  a b s o r p t i o n   r e q u i r e m e n t s .  

I t   i s   t h e r e f o r e   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

to   p r o v i d e   a  b a c k i n g   member   h a v i n g   d e s i r e d   h a r d n e s s   a n d  

u l t r a s o n i c   a b s o r p t i o n   c o e f f i c i e n t   w h i c h   a r e   s a t i s f a c t o r y  

f o r   u l t r a s o n i c   p r o b e s .  

In  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   an  a r r a y   o f  

u l t r a s o n i c   t r a n s d u c e r s   i s   p r o v i d e d   w i t h   a  b a c k i n g   m e m b e r  

h a v i n g   a  S h o r e - A   h a r d n e s s   g r e a t e r   t h a n   85,   an  u l t r a s o n i c  

a b s o r p t i o n   c o e f f i c i e n t   g r e a t e r   t h a n   1 . 5   dB/mm  a t   a  

f r e q u e n c y   of  3  MHz  and   an  a c o u s t i c   i m p e d a n c e   in   t h e   r a n g e  



b e t w e e n   1 .0   x  105  g / c m 2 . s e c   to   3 .0   x  105  g / c m 2 . s e c .  

In  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   b a c k i n g   member   i s  

c o m p o s e d   of  u r e t h a n e   r u b b e r ,   or  a  m i x t u r e   of  u r e t h a n e  

r u b b e r   and  m i c r o b a l l o o n s   f o r m e d   of  g l a s s   or  p l a s t i c ,   or  a  

m i x t u r e   of  t h e r m o s e t t i n g   r e s i n ,   m i c r o b a l l o o n s   b a l l o o n s   a n d  

m e t a l   p a r t i c l e s .   The  t h e r m o s e t t i n g   r e s i n   i s   e p o x y   r e s i n ,  

p o l y s t y r e n e   r e s i n ,   p o l y u r e t h a n e  r e s i n ,   p o l y e s t e r   r e s i n   o r  

p o l y e t h y l e n e   r e s i n .   M a t e r i a l s   u s e d   f o r   t h e   m e t a l   p a r t i c l e s  

i n c l u d e   l e a d ,   t u n g s t e n ,   m o l y b d e n u m ,   t a n t a l u m ,   f e r r i t e   o r  

t u n g s t e n   c a r b i d e .  

A  t h e r m o s e t t i n g   r e s i n   l a y e r   i s  p r e f e r a b l y   p r o v i d e d  

b e t w e e n   t h e   a r r a y   and  t h e   b a c k i n g   member   to  e n s u r e   f i r m  

b o n d i n g   of  l e a d   w i r e s   to  i n d i v i d u a l   e l e c t r o d e s   of  t h e  

a r r a y .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  f u r t h e r  

d e t a i l   w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s   i n  

w h i c h :  

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of  an  u l t r a s o n i c   p r o b e  

i n c l u d i n g   a  b a c k i n g   member  a c c o r d i n g   to   an  e m b o d i m e n t   o f  

t h i s   i n v e n t i o n ;  

F i g .   2  i s   a  p e r s p e c t i v e   v i e w   of  an  u l t r a s o n i c   p r o b e  

a c c o r d i n g   to   a  s e c o n d   e m b o d i m e n t   of  t h e   i n v e n t i o n ;   a n d  

F i g .   3  i s   a  g r a p h   s h o w i n g   a c o u s t i c   c h a r a c t e r i s t i c s  

of  t h e   b a c k i n g   member  a c c o r d i n g   to   t h i s   i n v e n t i o n .  



I l l u s t r a t e d   a t   1  in   F i g .   1  i s   a  l i n e a r   a r r a y   o f  

p i e z o e l e c t r i c   t r a n s d u c e r   e l e m e n t s   e a c h   of  w h i c h   h a s   i t s   own 

e l e c t r o d e   3  on  one  s u r f a c e   and   i s   a t t a c h e d   t o   a  common 

e l e c t r o d e   2  on  t h e   o t h e r   s u r f a c e   f o r   d r i v i n g   t h e   i n d i v i d u a l  

t r a n s d u c e r   e l e m e n t s   to   t r a n s m i t   an  a c o u s t i c   beam  6  i n t o   a  

human  body   in   r e s p o n s e   to   e l e c t r i c a l   s i g n a l s   a p p l i e d  

t h e r e t o   and   to   r e c e i v e   e c h o s   r e t u r n i n g   f r o m   d i s c o n t i n u i t i e s  

w i t h i n   t h e   b o d y .   To  t h e   f r o n t   s u r f a c e   of  t h e   l i n e a r   a r r a y  

i s   s e c u r e d   a  l a m i n a t e d   s t r u c t u r e   of  a c o u s t i c   i m p e d a n c e  

m a t c h i n g   l a y e r s   7  and  8.  D e p e n d i n g   on  a p p l i c a t i o n s ,   a  

s i n g l e   m a t c h i n g   l a y e r   w i l l   s u f f i c e .   An  a c o u s t i c   l e n s   9  m a y  

be  p r o v i d e d   a t   t h e   e n e r g y   e n t r y   s u r f a c e   of  t h e   t r a n s d u c e r .  

To  t h e   r e a r   s u r f a c e   of   t h e   a r r a y   i s   c e m e n t e d   a  

b a c k i n g   member   4.  B a c k i n g   member   4  i s   c o m p o s e d   of  u r e t h a n e  

r u b b e r   or   a  m i x t u r e   of  u r e t h a n e   r u b b e r   and  m i c r o b a l l o o n s   o f  

g l a s s   or   p l a s t i c .   In  a  p r a c t i c a l   e m b o d i m e n t ,   t h e   b a c k i n g  

member   i s   f o r m e d   by  a t t a c h i n g   a  mold   to   t h e   r e a r   of  t h e  

a r r a y ,   p o u r i n g   a  l i q u i d - p h a s e   b a c k i n g   m a t e r i a l   i n t o   t h e  

m o l d   and   a l l o w i n g   i t   to   s e t .   A l t e r n a t i v e l y ,   t h e   b a c k i n g  

member   i s   made  by  an  e x t r u s i o n   p r o c e s s   and   c e m e n t e d   to   t h e  

a r r a y   w i t h   a  t h e r m o s e t t i n g   a d h e s i v e   m a t e r i a l .  

P r e f e r a b l y ,   t h e   b a c k i n g   member   4  h a s   a  r u g g e d   r e a r  

s u r f a c e   h a v i n g   i r r e g u l a r i t i e s   in   t h e   r a n g e   b e t w e e n   3  mm  a n d  

5  mm  as  i l l u s t r a t e d   to   s c a t t e r   u l t r a s o n i c   w a v e s   b a c k w a r d .  



One  s u i t a b l e   m a t e r i a l   f o r   t h e   u r e t h a n e   r u b b e r   i s   A d a p t  

E-No.   1,  a  t r a d e n a m e   of  K o k u s a i   C h e m i c a l   K a b u s h i k i   K a i s h a .  

The  a c o u s t i c   i m p e d a n c e   of  t h i s   u r e t h a n e   r u b b e r   i s   2 .1   x  1 0 5  

9 / c m 2 . s e c ,   t h e   S h o r e - A   h a r d n e s s   b e i n g   98,   t h e   u l t r a s o n i c  

a b s o r p t i o n   c o e f f i c i e n t   b e i n g   2  dB/mm  a t   a  f r e q u e n c y   of  3 

MHz.  Use  i s   p r e f e r a b l y   made  of  m i c r o b a l l o o n s   of  g l a s s  

h a v i n g   a  d i a m e t e r   of  100  m i c r o m e t e r s ,   t h e   m i c r o b a l l o o n s  

b e i n g   m i x e d   in  15%  w e i g h t   r a t i o   w i t h   t h e   u r e t h a n e   r u b b e r .  

The  a c o u s t i c   i m p e d a n c e   of  t h i s   m i x t u r e   i s   1 . 8   x  1 0 5  

g / c m 2 . s e c ,   t h e   S h o r e - A   h a r d n e s s   b e i n g   f r o m   98  t o   99,  a n d  

t h e   u l t r a s o n i c   a b s o r p t i o n   c o e f f i c i e n t   b e i n g   2 . 5   dB/mm  a t   3 

MHz. 

A  d y n a m i c   r a n g e   as  h i g h   as  100  dB  can  be  o b t a i n e d  

f o r   t h e   a c o u s t i c   p r o b e   by  e l i m i n a t i n g   s i d e - l o b e   s p u r i o u s  

e m i s s i o n s   f rom  t h e   b a c k i n g   m e m b e r .   To  t h i s   end ,   t h e  

b a c k i n g   member  w i t h   an  a b s o r p t i o n   c o e f f i c i e n t   of  2 .5   dB/mm 

i s   d i m e n s i o n e d   to  a  t h i c k n e s s   in   t h e   r a n g e   b e t w e e n   20  mm 

and  34  mm. 

A n o t h e r   s u i t a b l e   m a t e r i a l   f o r   t h e   b a c k i n g   member  i s  

a  u r e t h a n e   r u b b e r   of  t h e   q u a l i t y   h a v i n g   a  S h o r e - A   h a r d n e s s  

of  a b o u t   85,  an  a c o u s t i c   i m p e d a n c e   of  a b o u t   3  x  1 0 5  

g / c m 2 . s e c   and  an  a b s o r p t i o n   c o e f f i c i e n t   of  1 . 5   to  2  dB/mm 

a t   3  MHz.  The  a c o u s t i c   i m p e d a n c e   can   be  r e d u c e d   to   as  l o w  

as  1 .0   x  105  g / c m 2 . s e c   by  m i x i n g   g l a s s   m i c r o b a l l o o n s   to  t h e  

u r e t h a n e   r u b b e r   w i t h o u t   a l t e r i n g   t h e   a b s o r p t i o n   c o e f f i c i e n t  



a n d   h a r d n e s s .   Due  to   v i s c o s i t y   l i m i t a t i o n s ,   an  a c o u s t i c  

a b s o r p t i o n   of  1 . 0   x  105  g / c m 2 . s e c   i s   c o n s i d e r e d   t h e  

l o w e r m o s t   p r a c t i c a l   v a l u e .   T h e r e f o r e ,   t h e   d e s i r e d  

p r a c t i c a l   v a l u e   of   a b s o r p t i o n   i s   in  t h e   r a n g e   b e t w e e n   1 . 0  

a n d   3 . 0   x  1 0 5 g / c m 2 . s e c .   A l t h o u g h   t h e r e   i s   a  2 -dB  r e d u c t i o n  

in  d e v i c e   s e n s i t i v i t y   c o m p a r e d   w i t h   t h o s e   h a v i n g   n o  

b a c k i n g   m e m b e r ,   s u c h   r e d u c t i o n   can   be  i g n o r e d   in   m e d i c a l  

d i a g n o s t i c   p u r p o s e s   and  t h e r e   i s   s t i l l   an  i m p r o v e m e n t   of  4 

dB  t o   9  dB  c o m p a r e d   w i t h   t h o s e   h a v i n g   a  b a c k i n g   member   o f  

t h e   t y p e   f o r m e d   of   f e r r i t e   r u b b e r   or   t h e   l i k e .   In  o t h e r  

w o r d s ,   t h e   b a c k i n g   member   of  t h e   p r e s e n t   i n v e n t i o n   a f f e c t s  

t h e   d e v i c e   s e n s i t i v i t y   to   a  d e g r e e   c o m p a r a b l e   to   b a c k i n g  

m e m b e r s   f o r m e d   of   a  g e l   s u c h   as   s i l i c o n e   r u b b e r .  

The  m e c h a n i c a l   s t r e n g t h   of   t h e   b a c k i n g   member   of  t h e  

i n v e n t i o n   i s   t e n   t i m e s   g r e a t e r   t h a n   t h a t   of  s i l i c o n e   r u b b e r  

and  i s   c o m p a r a b l e   t o   t h a t   of  f e r r i t e   r u b b e r .  

I t   i s   f o u n d   t h a t   m i c r o b a l l o o n s   of  p l a s t i c   m a y  

e q u a l l y   be  as  w e l l   m i x e d   w i t h   t h e   u r e t h a n e   r u b b e r   of   t h e .  

q u a l i t y   m e n t i o n e d   a b o v e .  

A n o t h e r   s u i t a b l e   m a t e r i a l   f o r  t h e   b a c k i n g   member   i s  

a  m i x t u r e   of  e p o x y   r e s i n ,   m i c r o b a l l o o n s   and  t u n g s t e n  

p a r t i c l e s .   In  one   e x a m p l e ,   3%  in   w e i g h t   r a t i o   o f  

m i c r o b a l l o o n s   h a v i n g   an  a v e r a g e   p a r t i c l e   s i z e   of   5 0  

m i c r o m e t e r s   and   t u n g s t e n   p a r t i c l e s   w i t h   an  a v e r a g e   p a r t i c l e  

s i z e   of  13  m i c r o m e t e r s   w e r e   m i x e d   w i t h   e p o x y   r e s i n   ( t h e  



t y p e   2 0 2 3 / 2 1 0 3   a v a i l a b l e   f rom  Y o k o h a m a   T h r e e   Bond  K a b u s h i k i  

K a i s h a ) .   The  m i x t u r e   r a t i o   of  t h e   t u n g s t e n   p a r t i c l e s   i n  

w e i g h t   p e r c e n t   to   e p o x y   r e s i n   was  v a r i e d   in  t h e   r a n g e  

b e t w e e n   150%  and  350%.  The  a c o u s t i c   i m p e d a n c e   and  t h e  

a b s o r p t i o n   c o e f f i c i e n t   of  t h e   p r o b e   a t   3  MHz  we re   m e a s u r e d  

as  a  f u n c t i o n   of  t h e   m i x t u r e   r a t i o   in   w e i g h t   p e r c e n t   o f  

t u n g s t e n   p a r t i c l e s   and  p l o t t e d   as  shown  in  F i g .   3.  W i t h  

t u n g s t e n   p a r t i c l e s   m i x e d   w i t h   a  r a t i o   of  250%,  an  a c o u s t i c  

i m p e d a n c e   of  3  x  105  g / c m 2 . s e c   and  an  a b s o r p t i o n  

c o e f f i c i e n t   of  25  dB/mm  ( a t   3  MHz)  w e r e   o b t a i n e d .   A 

h a r d n e s s   of  g r e a t e r   t h a n   85  in   S h o r e   D  h a r d n e s s   w a s  

o b t a i n e d   (A  S h o r e - A   v a l u e   of  95  r o u g h l y   c o r r e s p o n d s   t o  

S h o r e - D   h a r d n e s s   of  6 0 ) .  

In  a n o t h e r   e x a m p l e ,   5%  w e i g h t   r a t i o   of  m i c r o b a l l o o n s  

and  100%  w e i g h t   r a t i o   of  t u n g s t e n   p a r t i c l e s   we re   m i x e d   w i t h  

epoxy   r e s i n .   An  a c o u s t i c   i m p e d a n c e   of  1 .0   x  105  g / c m 2 . s e c  

and  an  a b s o r p t i o n   c o e f f i c i e n t   of  16  dB/mm  a t   3  MHz  w e r e  

o b t a i n e d .  

In  a  s t i l l   f u r t h e r   e x a m p l e ,   2  wt%  of  m i c r o b a l l o o n s  

and  500  wt%  of  t u n g s t e n   p a r t i c l e s   w e r e   m i x e d   w i t h   e p o x i y  

r e s i n .   The  a c o u s t i c   i m p e d a n c e   and  a b s o r p t i o n   c o e f f i c i e n t  

we re   6  x  105  g / c m 2 . s e c   and  20  dB/mm  (3  MHz),  r e s p e c t i v e l y .  

By  v a r y i n g   t h e   m i x t u r e   r a t i o s   of  t h e   m i c r o b a l l o o n s  

and  t u n g s t e n   p a r t i c l e s ,   a c o u s t i c   i m p e d a n c e   in  a  r a n g e   f r o m  

1  x  105  g / c m 2 . s e c   to  6  x  105  g / c m 2 . s e c   and  a b s o r p t i o n  



c o e f f i c i e n t   in   t h e   r a n g e   b e t w e e n   16  dB/mm  a n d   25  dB/mm  w e r e  

o b t a i n e d .  

In  e i t h e r   of   t h e s e   e x a m p l e s ,   a  S h o r e - D   h a r d n e s s  

v a l u e   of   more   t h a n   85  was  o b t a i n e d .  

I t   i s   a p p a r e n t   f r o m   t h e   f o r e g o i n g   t h a t   o t h e r  

t h e r m o s e t t i n g   m a t e r i a l s   s u c h   as  p o l y s t y l e n e ,   p o l y u r e t h a n e ,  

p o l y e s t h e r   and   p o l y e t h y l e n e   c o u l d   e q u a l l y   be  e m p l o y e d   a s  

w e l l   i n s t e a d   of  t h e   u r e t h a n e .  

I t   i s   f u r t h e r   a p p a r e n t   f rom  t h e   f o r e g o i n g   t h a t   m e t a l  

p a r t i c l e s   s u c h   as  l e a d ,   m o l y b d e n u m ,   t a n t a l u m ,   f e r r i t e ,  

t u n g s t e n - c a r b i d e   can   a l s o   be  u s e d   i n s t e a d   o f   t u n g s t e n  

p a r t i c l e s .  

An  e m b o d i m e n t   shown   in  F i g .   2  i s   s i m i l a r   to   t h e   F i g .  

1  e m b o d i m e n t   w i t h   t h e   e x c e p t i o n   t h a t   i t   i n c l u d e s   a  

t h e r m o s e t t i n g   r e s i n   l a y e r   10  b e t w e e n   t h e   a r r a y   and   t h e  

b a c k i n g   member   4.  L e a d   w i r e s   5  a r e   c o n n e c t e d   t o   i n d i v i d u a l  

e l e c t r o d e s   3  of  t h e   a r r a y   u s i n g   u l t r a s o n i c   b o n d i n g  

t e c h n i q u e   s u c h   t h a t   e a c h   w i r e   e x t e n d s   f r o m   a  p o i n t   l o c a t e d  

i n w a r d l y   f r o m   one  end   of  t h e   a s s o c i a t e d   e l e c t r o d e .   T h e  

r e s i n   l a y e r   10  i s   c o m p o s e d   of   a  m a t e r i a l   h a v i n g   a  

r e l a t i v e l y   low  v i s c o s i t y   s u c h   as  e p o x y   r e s i n   ( t h e   t y p e   ME 

106  a v a i l a b l e   f rom  N i p p o n   P e r n o x   K a b u s h i k i   K a i s h a )   and  i s  

f o r m e d   on  t h e   a r r a y   by  a p p l y i n g   t h e   e p o x y   r e s i n   in   a  l i q u i d  

p h a s e   o v e r   t h e   s u r f a c e   of  t h e   e l e c t r o d e s   3,  so  t h a t   i t  

f i l l s   t h e   s p a c e s   b e t w e e n   a d j a c e n t   p i e z o e l e c t r i c   e l e m e n t s  



and   c o v e r s   end  p o r t i o n s   of  t h e   c o n n e c t i n g   w i r e s .   W i t h  

b u b b l e s   b e i n g   r e m o v e d ,   t h e   e p o x y   r e s i n   l a y e r   i s   a l l o w e d   t o  

s e t   to   a  d e s i r e d   h a r d n e s s .   The  end  p o r t i o n s   of  t h e   l e a d  

w i r e s   5  a r e   t h u s   e m b e d d e d   in  t h e   e p o x y   r e s i n   l a y e r   10  a n d  

f i r m l y   s e c u r e d   in  p l a c e .   T h i s   a r r a n g m e n t   s i g n i f i c a n t l y  

r e d u c e s   t h e   i n s t a n c e s   of  l e a d   w i r e   d i s c o n n e c t i o n .   A 

b a c k i n g   member   of  t h e   m a t e r i a l   m e n t i o n e d   p r e v i o u s l y   i s  

s e c u r e d   to   t h e   epoxy   r e s i n   b o n d i n g   l a y e r  1 0 .  

I t   i s   d e s i r a b l e   t h a t   t h e   t h i c k n e s s   of  t h e   l a y e r   10  

be  as  s m a l l   as  p o s s i b l e   to   m i n i m i z e   t h e   o t h e r w i s e  

u n d e s i r a b l e   c o n s e q u e n c e s   on  d e v i c e   s e n s i t i v i t y   and  i m a g e  

r e s o l u t i o n .   I t   is   f o u n d   t h a t   an  e p o x y   r e s i n   l a y e r   h a v i n g   a  

t h i c k n e s s   s m a l l e r   t h a n   1 / 8   of  t h e   w a v e l e n g t h   of  t h e  

a c o u s t i c   e n e r g y   r e s u l t s   in  a  0 . 4 - d B   d e v i c e   s e n s i t i v i t y  

r e d u c t i o n ,   a  v a l u e   w h i c h   can   be  p r a c t i c a l l y   t o l e r a t e d .  

R e d u c t i o n   in  l o n g i t u d i n a l   r e s o l u t i o n   and  r e f l e c t i o n   a t   t h e  

l a y e r   10  w e r e   no t   o b s e r v e d .  

I t   was  shown  t h a t   t h e   a c o u s t i c   p r o b e   c o n s t r u c t e d  

a c c o r d i n g   to  t h e   p r e s e n t   e m b o d i m e n t   s a t i s f a c t o r i l y  

w i t h s t o o d   a  1 0 - c y c l e   t e m p e r a t u r e   t e s t   in   w h i c h   t h e   a m b i e n t  

t e m p e r a t u r e   was  v a r i e d   d i s c r e t e l y   b e t w e e n   - 2 0 ° C   and  + 4 0 ° C  

w i t h   a  d w e l l   t i m e   of  1  h o u r   f o r   e a c h   t e m p e r a t u r e   v a l u e .   I t  

i s   shown  t h a t   t h e   i n c i d e n c e   of  w i r e   d i s c o n n e c t i o n s  c a n   b e  

r e d u c e d   to   1 / 1 0 0 0   of  t h a t   of  t h e   p r o b e   h a v i n g   no  such   e p o x y  

r e s i n   l a y e r .  



1.  An  u l t r a s o n i c   p r o b e   c o m p r i s i n g :  

an  a r r a y   of   p i e z o e l e c t r i c   t r a n s d u c e r   e l e m e n t s ;  

a  b a c k i n g   member   p r o v i d e d   on  one  s u r f a c e   of  s a i d  

a r r a y ,   s a i d   b a c k i n g   member   has   a  S h o r e - A   h a r d n e s s   g r e a t e r  

t h a n   85  and   an  u l t r a s o n i c   a b s o r p t i o n   c o e f f i c i e n t   g r e a t e r  

t h a n   1 . 5   dB/mm  a t   t h e   f r e q u e n c y   of  u l t r a s o n i c   e n e r g y  

g e n e r a t e d   by  s a i d   a r r a y ,   and  an  a c o u s t i c   i m p e d a n c e   in  t h e  

r a n g e   b e t w e e n   1 . 0   x  105  g / c m 2 . s e c   to   3 . 0   x  105  g / c m 2 . s e c .  

2.  An  u l t r a s o n i c   p r o b e ,   c o m p r i s i n g :  

an  a r r a y   of  p i e z o e l e c t r i c   t r a n s d u c e r   e l e m e n t s ;  

a  b a c k i n g   member   p r o v i d e d   on  one  s u r f a c e   of  s a i d  

p i e z o e l e c t r i c   t r a n s d u c e r   e l e m e n t s ;   a n d  

a  t h e r m o s e t t i n g   r e s i n   l a y e r   p r o v i d e d   b e t w e e n   s a i d  

a r r a y   and   s a i d   b a c k i n g   m e m b e r .  

3.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in   c l a i m   I  or  2 ,  

w h e r e i n   s a i d   b a c k i n g   member   i s   c o m p o s e d   of   u r e t h a n e   r u b b e r .  

4.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in   c l a i m   1  or  2 ,  

w h e r e i n   s a i d   b a c k i n g   member   i s   c o m p o s e d   of   a  m i x t u r e   o f  

u r e t h a n e   r u b b e r   and  m i c r o b a l l o o n s .  



5.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   1  o r   2 ,  

w h e r e i n   s a i d   b a c k i n g   member  i s   c o m p o s e d   of  a  m i x t u r e   o f  

t h e r m o s e t t i n g   r e s i n ,   m i c r o b a l l o o n s   b a l l o o n s   and   m e t a l  

p a r t i c l e s .  

I 

6.  A n  u l t r a s o n i c   p r o b e   as  c l a i m e d   in   c l a i m   5,  w h e r e i n  

s a i d  t h e r m o s e t t i n g   r e s i n   i s   e p o x y   r e s i n ,   p o l y s t y r e n e   r e s i n ,  

p o l y u r e t h a n e   r e s i n ,   p o l y e s t e r   r e s i n   or  p o l y e t h y l e n e   r e s i n .  

7.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   5,  w h e r e i n  

s a i d   m e t a l   p a r t i c l e s   a r e   l e a d ,   t u n g s t e n ,   m o l y b d e n u m ,  

t a n t a l u m ,   f e r r i t e   or  t u n g s t e n   c a r b i d e .  

8.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in   c l a i m   1  or   2 ,  

w h e r e i n   s a i d   b a c k i n g   member  has   a  r u g g e d   s u r f a c e   o p p o s i t e  

to   s a i d   one  s u r f a c e .  

9.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   1,  f u r t h e r  

c o m p r i s i n g   a  l a y e r   of  t h e r m o s e t t i n g   r e s i n   p r o v i d e d   b e t w e e n  

s a i d   a r r a y   and  s a i d   b a c k i n g   m e m b e r .  

10.   An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   2  or   9 ,  

w h e r e i n   t h e   t h i c k n e s s   of  s a i d   t h e r m o s e t t i n g   r e s i n   l a y e r   i s  

s m a l l e r   t h a n   1 /8   of  t h e   w a v e l e n g t h   of  u l t r a s o n i c   e n e r g y  

g e n e r a t e d   by  s a i d   a r r a y .  






	bibliography
	description
	claims
	drawings

